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I. INTRODUCTION 
Through the years, numerous investigations have been 
carried out concerning the eruption of the rat incisor. The 
basic factors responsible for tooth eruption are still unknown 
and only postulated theories are available. One prominent 
theory states that cell proliferation is the basic cause of 
incisor eruption. Sicher (1942) and Scott (1953) proposed that 
proliferation of pulpal cells within the tooth was the primary 
motivating force. On the other hand, other investigators hold 
the position that growth of the periodontal tissues is respon-
sible for eruption. Berkovitz (1972) concluded growth of the 
periodontal ligament to be the prime mover. Ness (1970) believed 
the fibroblasts of the periodontal ligament could be the critical 
impetus in the eruptive force. The present investigation will 
utilize the upper rat incisor in an effort to contribute additio~ 
al information toward a clearer solution to this question. 
The purpose of this study is to determine the effect of 
cortisone on fibroblast proliferation and connective tissue 
activity in the periodontal ligament of the rat incisor. With 
this study we hope to gain information about the influence of 
cortisone on this tissue as a possible factor in the eruptive 
process. 
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For a number of years, cortisone has been known to stimu-
late the rate of eruption in the rat incisor (Parmer, Katonah, 
and Angrist, 1951; Domm and Marzano, 1954; Goldsmith and Ross, 
1956; Domm and Wellband, 1960). However, the effect of cortisone 
on the fibroblasts and connective tissue of the periodontal 
ligament at a dose level that adequately stimulates eruption is 
not clearly understood, 
Since cortisone is known to accelerate incisor eruption 
and in view of the fact that a number of investigators feel that 
growth of the periodontal ligament is the cause of this eruption, 
.... · ..• .,. 
a study to determine the ~ffect of cortisone on the proliferative 
activity and connective tissue elements of the periodontal liga-
ment as a possible factor in the eruptive process would seem to 
be significant. 
II. REVIEW OF THE LITERATURE 
A. Experiments Concerned with the Mechanism of Tooth Eruption 
The mechanism of tooth eruption is poorly understood and 
considerable controversy reigns regarding the physiological 
forces involved in the active eruptive movement of the teeth. 
Until recently, there have been two basic schools of thought; 
one favoring cellular proliferation at the basal end of the 
tooth as the cause of eruption, and the other theorizing tissue 
vascularity as contributing the prime motive force. More recent 
evidence has indicated the periodontal ligament to be the tissue 
chiefly responsible for eruption. 
The early literature has been reviewed by Massler and 
Schour (1941). They considered seven possible explanations for 
the eruption of teetha 1) Growth of the root; 2) Growth of 
dentin and pulpal construction; J) Growth of periodontal tissue 
and alveolar bone; 4) Pressure from muscular action on the 
alveolar process; 5) Resorption of alveolar bone; 6) Pressure 
from cellular proliferation; and 7) Pressure from vascular beds. 
After considering clinical data together with their experimental 
studies, they made the following conclusions• 1) No definitive 
proof could be obtained favoring any theory of eruption; 2) What-
ever the source of th~ eruptive force, it is probably located 
J 
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in the periapical region of the tootha 3) The eruptive force may 
be related to the vascularity of the tissue which surrounds the 
tootha i.e., in the periodontal ligament, but not in the pulp. 
Herzberg and Schour (1941) removed the pulp from the lower 
left rat incisor with the adjacent right one serving as the con-
trol. No change in the eruption rate was observed after pulp-
ectomy. After surgically removing Hertwig's root sheath in the 
left incisor of another group of rats, again no differences in 
eruption rates were noted. From these results, it was concluded 
that the pulp and Hartwig's sheath are not essential to tooth 
eruption. These experiments were repeated by Bryer (1957) who 
observed an initial marked reduction in eruption rates followed 
by a gradual recovery. 
Sicher (1942 a, b) postulated that tooth eruption is the 
result of minute pressures induced by differential rates of cell 
proliferation in the pulp and bone. This theory has been ob-
jected to since bone resorption does not occur in the base of 
the alveolus of the erupting tooth (Orban, 1966). The presump-
tion is that pressures sufficient to cause axial movement of 
the tooth would also cause bone resorption. This difficulty was 
resolved for Sicher (and later for Scott (1953)) when he de-
scribed the hammock ligament. This was a band of fibers sepa-
rating the periapical tissue from the pulpal tissue. The liga-
ment traversed the base of growing roots and was anchored into 
both sides of the alveolar bone. He believed the ligament trans-
mitted the pressures from the proliferating pulp cells to the 
-
5 
vertical bony walls of the alveolus as a tensile force, thereby 
preventing bone resorption. Sicher failed to demonstrate a 
hammock ligament in multirooted teeth, and consequently ascribed 
the responsibility for causing eruption in these teeth to 
furcational bone growth. 
Sturman (1957) after studying the effects of vasodilator 
and vasoconstrictor drugs on the eruption rate in rats, came to 
the conclusion that eruption of the growing rat incisor is 
locally controlled by vascularity and attrition, while the 
eruptive force is derived from the activity of proliferating 
odontogenic epithelium and pulpal cells. 
Eccles (1961) feels that the periodontal ligament may act 
as a cushion against which the proliferating pulp reacts or 
expands during the process of eruption. Also, Eccles in 1965 
filled the pulp canal of rat incisors up to 4 mm from the basal 
end. He noted a temporary decrease in the eruption rate of these 
teeth which eventually returned to normal. Yet, eruption was 
prevented completely in animals with pulp canals filled to 
within 1 - 2 mm of basal end. The periodontal ligament revealed 
a normal appearance under histological examination. Eccles con-
cluded that the periodontal ligament plays no part in eruption, 
and the pulp is principally involved in this process. 
Ulmansky and Shapiro (1963) amputated the lower right 
incisor of rats and thereby observed an accelerated rate of 
eruption. Then, by inserting dental reamers and silver points 
into the pulp chamber of these teeth, they noted a decrease in 
eruption rate and degenerative changes in the periodontal liga-
ment. The more extensive the pulp was damaged, the greater the 
eruption rate was inhibited. 
Main and Adams (1966) used antimitotic (demecolcine and 
triethylene melamine) and hypotensive (guanethidine and 
hydralazine) drugs to study their effects on incisor eruption. 
They concluded that there was no direct relationship between 
6 
the rate of eruption and blood pressure or cellular proliferation 
fhe periodontal ligament was therefore proposed as the tissue 
most likely responsible for eruption. 
Thomas (1964. 1967) postulated that eruption is brought 
about by a tractional force set up in the oblique fibers of the 
periodontal ligament due to the crosslinking and aggregation 
that occurs during collagen maturation. This traction then 
pulls the tooth out of its socket. 
Stallard (1963) in an autoradiographic investigation of 
the periodontal tissues of the mouse molar disclosed that there 
was a continuously high rate of incorporation of JH-proline by 
the periodontal ligament. This incorporation was generally 
interpreted to be an expression of a continuous collagen 
synthesis by the cells of the periodontal tissues. 
Crumley (1964) reported that JH-proline incorporation by 
the molar periodontal ligament of rats was uniform throughout. 
Berkovitz and Thomas (1969) removed the proliferative 
odontogenic basal tissue of the lower right rat incisor. They 
observed the unimpeded eruption rate of these root resected 
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teeth to attain control levels 4 - 7 days after operation, and 
this level was maintained for approximately 12 days until the 
base of the tooth approached the alveolar crest and eruption 
ceased. They concluded the following mechanisms do not appear 
essential to the eruptive processa 1) root elongation, 2) pulpal 
cell proliferation and dentin formation, J) fundic bone deposi-
tion, or 4) tissue fluid pressure. The cushioned hammock liga-
ment was also discarded as an unnecessary structure. They 
suggested that the force of eruption rasides in the periodontal 
ligament which retains its characteristic histologic structure 
following root resection. Also, (Berkovitz and Thomas, 1969) 
performed two cases of root transection on the lower right 
incisor of adult male rats weighing 400g each. Plaster of paris 
gauze was placed between the two segments to prevent ankylosis. 
Again, they observed unimpeded eruption rates similar to control 
levels. 
Berkovitz (1972) studied the effects of antimitotic drugs, 
demecolcine and triethanomelamine, on the unimpeded eruption 
rate of normal and root resected rat incisors. He noted a 
similar decrease in the eruption rates of both the normal and 
the root resected incisors following drug administration., This 
similarity in behavior led him to conclude that the eruptive 
process following root resection is "physiological." In his 
view this finding strengthened the previous interpretation of 
Berkovitz and Thomas (1969) that the periodontal ligament is 
the primary tissue causing eruption. 
B. Effects of Cortisone on the Growth of Oral Tissues ~~~~ -- -- --- -- ----
Many studies have been reported concerning the effect of 
cortisone on cell division. Dustin (1963) reported that 
cortisone inhibits cell division in some tissues while having 
a stimulatory or no effect in other tissues. Domm and Kiely 
(1968) observed that a single injection of cortisone increased 
the rate of mitotic activity in the normal rat incisor. Kiely 
(1967) also reported that the dosage, frequency, and duration 
of administration are important factors in the response of 
tissues to cortisone. Kiely and Domm (1973) using adrenal-
ectomized rats showed an increase in the number of JH-thymidine 
labelled cells in the cervical loop tissue of the upper incisor 
after a single injection of cortisone. Non-cortisone treated 
adrenalectomized rats revealed a significant decrease in the 
number of labelled cells. 
Labelle and Schaffer (1966) in studying the effects of 
2.5 mg of cortisone administered daily for 35 days on the upper 
molar periodontal ligament of rats, reported the following& 
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1) principle fiber bundles of the periodontal ligament were 
decreased in width and exhibited a homogeneous fibrillar appear-
ance, 2) the fiber bundles were disorganizeda 3) the fibroblasts 
were generally reduced in size and number1 4) the connective 
tissues of cortisone treated rats also appeared more loosely 
arranged than that of the controls. 5) Finally, the capillaries 
associated with the treated ligaments appeared smaller than con-
trols and they were generally devoid of blood. 
Goldsmith and Stahl (1953) studied the effects of long 
term cortisone treatment on the supporting dental structures of 
the rat. They injected daily dosages of 0.5 mg and 3.0 mg of· 
cortisone for one year. In the animals which received 3.0 mg 
daily, they observed a disorganization of the periodontal liga-
ment fibers. They also noted an increase in the amount of 
alveolar bone and a narrowing of the marrow spaces. No changes 
were seen in the animals treated with 0.5 mg of cortisone. 
9 
Parmer, Katonah and Angrist (1951) noted a marked inhibi-
tion of body growth and a stimulation of tooth eruption following 
a single 0.25 mg injection of cortisone to one day old rats. 
Goldsmith and Ross (1956) studied the effects of cortisone on 
fetal and postnatal rats. The pregnant rats received daily 
doses of 15 mg of cortisone. The postnatal rats were given 
daily doses of 0.1 mg cortisone beginning 24 hours after birth. 
They observed that both fetal and postnatal rats exhibited a 
marked retardation of growth. Weight gain for postnatal rats 
was only one-third that of controls. The labial ameloblastic 
layer showed a marked increase in both RNA and alkaline phospha-
tase indicating precocious activity. The enhanced eruption was 
accompanied by a marked overgrowth of bone in the alveolar 
socket and a disorganization of the periodontal ligament with 
a decrease in blood supply. 
Glickman, Stone and Chawla (1953) studied the effects of 
systemic cortisone administration upon the periodontium of white 
mice. They used 4- 6 week old mice and injected 0.5 mg 
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cortisone for forty-three days. The periodontal ligament of the 
molars of the cortisone treated animals was edematous. The 
fibroblasts were markedly reduced in number and shrunken in 
appearance compared with more well-formed fibroblasts in the 
controls. The periodontal ligament of the cortisone treated 
mice showed that the collagen fibers were reduced in amount. 
They were wavy, fibrin like and separated by the edema compared 
with the densely arranged collagen fibers in the control mice. 
The alterations in the fibroblasts and collagen fibers of the 
periodontal ligament of these cortisone injected animals are 
comparable to those described in other areas of the body of 
animals systemically injected with cortisone (Zoger, 1952). 
The cortisone apparently inhibits the fibroplasia which is 
necessary for the normal maintainance of the periodontal liga-
ment and thereby produces marked structural changes. They noted 
that bone and periosteum in other areas of the skeletal system 
presented changes similar to those in the alveolar bone and 
periodontal ligament. 
Stahl and Gerstner (1960) studied effects of cortisone on 
the oral mucosa and periodontium of adult male rats receiving 
injections of 5 mg, three times weekly for four weeks. The in-
jection site was the buccal mucosa opposite the maxillary left 
first molar. Following treatment the oral epithelium of this 
area appeared hyperkeratotic while the underlying connective 
tissue showed a marked inflammatory infiltrate with associated 
connective tissue degeneration. They also observed a reduction 
in the cellularity of the periodontal ligament and enlarged 
marrow spaces in the alveolar bone. 
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Stallard (1962) studied the effects cortisone and a protein 
free diet on mouse tissues. One group of mice received the 
protein free diet while another group received a normal diet 
and cortisone injections, 0.5 mg/day, for forty-five days. He 
observed certain degenerative effects in both gro~ps but noted 
them to be greater in the protein deprived group than in the 
cortisone injected groupa 1) Edema of the periodontal ligament 
with a decrease in the number of connective tissue cells, 2) The 
principle fibers of the periodontal ligament lost their orienta-
tion, became less distinct and were often broken. He deducted 
that protein catabolism increases as the cortisone blood level 
increases. 
Shklar (1965) studied the effects of cortisone replacement 
on the periodontium of two month old adrenalectomized rats. The 
dosage was 0.25 mg/day for thirty days. The periodontal tissues 
of the lower molars of the adrenalectomized animals without 
cortisone injections showed a decrease in osteoblastic activity. 
Yet, alterations in the collagen fibers of the periodontal l-iga-
ment were not remarkable. The adrenalectomized animals receiving 
the cortisone injections showed a more restored osteoblastic 
activity of the alveolar bone. No mention was made of the 
effects on the collagen fibers and fibroblasts of the periodontal 
ligament. While cortisone in small amounts restores the normal 
activity of alveolar bone in adrenalectomized animals, it is 
L 
interesting to note that large doses of cortisone to normal 
animals have been shown to result in osteoporosis by acting in 
an antianabolic capacity as reported by Glickman and Shklar 
(1955). 
Skougaard, Frandsen and Baker (1970) studied the effect 
12 
of the glucocorticoid, Ultracortenol on the collagen metabolism 
of the periodontal ligament of premolars in the squirrel monkey. 
The animals were administered two injections (5 ~g/g) three days 
and one day before sacrifice. 3H-proline was also administered 
two days before sacrifice and grain counts were made. They·ob-
served a 33% reduction in the number of grains in the treated 
animals. They postulated that the reduced grain count scores 
reflected the reduction in rate of collagen synthesis. 
Melcher and Turnbull (1974) studied the uptake of 3H-thy-
midine by the cells of the molar periodontal ligament of mature 
mice in a culture medium containing 1.0 ug/ml of hydrocortisone. 
Their observations suggested that although periodontal ligament 
cells in a high 02 - containing system can synthesis DNA, they 
rarely undergo mitotic division, and the hydrocortisone inhibits 
the synthesis of DNA as well as the resorption of extracellular 
substance in the periodontal ligament. Yee, Jee and Ohlson (197l 
reported on the response of orthodontically stimulated and non-
stimulated fibroblasts of the periodontal ligament of the upper 
first molar in rats treated for five days with dosages of 
cortisone ranging from 0.15 to 15.0 mg/kg/day. They injected 
3H-thymidine to label the cells. They observed the response 
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of periodontal ligament fibroblasts to be dose dependent relative 
to the number of cells responding to orthodontic stimulation. 
At the higher dosages, there was a decrease in the rate of move-
ment of cells from Gl to the S phase of the cell cycle. 
Glickman, Stone and Chawla (1953) noted that the general-
ized effects attributed to the systemic administration of 
cortisone can be stated as follows• 1) stimulation of protein 
catabolism, 2) increased carbohydrate blood levels at the ex-
pense of tissue proteins, 3) increased nitrogen and potassium 
excretion, 4) retardation in the healing of wounds, and 5) retar-
dation in growth. These effects not withstanding, the specific 
tissue effects of cortisone vary depending on the animal, its 
age, the target tissue and the magnitude and duration of dosage. 
c. Dynamics of the Periodontal Ligament 
One of the difficulties encountered in dealing with con-
tinuously erupting teeth is to determine how the periodontal 
ligament anchors the tooth, while at the same time permitting it 
to move in an occlusal direction. Sicher (1942) studied the 
structure of the periodontal ligament of guinea pigs and rats. 
He concluded that the ligament consists of two separate sets of 
collagen fibers; one attached to the cementum and the other to 
the alveolar bone. These two sets of fibers are thought to 
intertwine in the mid-region of the periodontal ligament. It is 
this intermediate plexus where Sicher feels readjustment of the 
fibers take place during eruption. He suggested that the fibers 
attached to the cementum move with the erupting tooth while the 
- 14 
alveolar fibers remain static. 
Ness and Smale .{1959) studied the distribution of mitoses 
and cells in the periodontal ligament of the rabbit lower inciso~ 
They noted more than one-third of the mitoses to be found in the 
basal 2 mm. Fibers were sparse basally and flattened fibroblasts 
were oriented parallel to the incisor surface. Mitoses were 
present along the entire length of the periodontal ligament. 
They were found as far as 100 u from the cementum surface yet 
most occurred 20 u from the cementum surface. They concluded 
that this high incidence of mitoses seen within 20 u from the 
cementum surface may be related to the process whereby the 
incisor is permitted to erupt and yet remain anchored to its 
socket. 
Eccles (1959, 1965) described the development of the 
periodontal ligament in rat molars. He observed that the fibers 
from the bone were thicker with cells present between the fiber 
bundles, while on the cementum side the fiber bundles were not 
as large and the cells seemed to lie among them. He noted that 
during eruption, the fibers did not run directly from bone to 
cementum, but intermingled in the middle of the periodontal 
liganent to form an intermediate plexus. Later, when the teeth 
were in function and no longer actively erupting, an intermediate 
plexus was not seen. He concluded that during eruptive movements 
there is a gradual migration of small groups of fibers from one 
bundle to another. 
Melcher (1967) studied wound healing in the lingual part 
of the periodontal ligament of the rat incisor in which trans-
verse sections of the.mandible were cut. In the experimental 
area, the fibers of the periodontal ligament between cementum 
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and bone were stained pink or black when stained with Van 
Gieson•s picro-fushsin or silver stain respectively, and were 
arranged in two ways. On the tooth side, the fibers formed a 
feltwork and were embedded in cementum. Intermingling and 
apparently continuous with these, but embedded in the bone, were 
fibers gathered in tufts, stained black and enclosing connective 
tissue cells and vessels. He concluded that the fibers embedded 
in the c·ementum erupt with the tooth while those embedded in the 
bone remain behind. Chiba (1968) noted a migration of radio-
active material in the lingual part of the periodontal ligament 
of the mouse incisor between 1 hour and 7 days after JH-proline 
administration. This observation suggest a migration of collagen 
during eruption. Chiba, using 3H-thymidine, also showed the 
migration rate of fibroblasts to be equal to the rate of eruptio~ 
Sicher reasserted in 1966 that the rearrangement of fibers 
in the mammalian periodontal ligament during eruptive movements 
is confined to the intermediate plexus. This rearrangement does 
not occur by the embedding of new fibers in bone and cementum, 
but by the formation of new chemical links, probably mucopoly-
saccharides, between the alveolar and the dental fibers of the 
intermediate plexus. Using radioactive tracers, Ramos and Hunt 
(1967), on the other hand, concluded that in continuously 
erupting teeth of the guinea pig, remodelling involves the 
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whole width of the principle fibers, Hindle (1967) studied the 
periodontal ligament of the rat incisor under polarized light, 
He concluded that the appearance of an intermediate plexu~, in 
terms of orientation, depends on the plane of histologic section, 
and that the fibers in the middle zone are less mature than those 
at the periphery. He thus supports Sicher•s contention that 
fiber readjustment takes place in an intermediate zone of the 
periodontal ligament. 
Contrary to the above, Ciancio, Neiders and Hazen (1967) 
studied the organization and arrangement of the principal fibers 
of the periodontal ligament of rabbit incisors, premolars and 
molars. They observed the majority of periodontal fibers were 
directed in an oblique, apical direction from bone to cementum. 
Immediately upon leaving their attachment to bone, the fibers 
formed an anastomosing network which attached to cementum by 
means of numerous fiber bundles. They observed a greater number 
of bundles containing few fibers attached to the cementum in 
contrast to a lesser number of bundles containing more fibers 
attached to bone. In premolar and molar areas, they noted 
horizontal fiber bundles extended, without interruption from 
cementum to bone. Transeptal fibers passed from the cementum 
of one tooth to the cementum of an adjacent tooth without 
interruption. They concluded that because of the anastomosing 
effect of these fibers, it was too difficult to describe their 
course and could not ascribe to the reality of an intermediate 
plexus. 
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Carneiro and Moraes (1965) studied collagen formation in 
the periodontal ligament of the mouse using 3H-glycine and 
JH-proline. They noted that collagen formation proceeds at a 
faster rate in the periodontal ligament than in dense, connective 
tissue. The apex area and the alveolar crest area of the perio-
dontal ligament incorporate more 3H-glycine than any other sites. 
They also noted a constant renewal of collagen in the periodontal 
ligament. 
Formicola and Ferrigno (1966) studied the dynamics of the 
cellular and collagenous elements of the developing periodontium 
of rat molars using JH-thymidine and JH-proline. They noted that 
before eruption, the area of greatest bone formation or label 
occurred on the alveolar bone next to the body of the maxilla. 
On the nineteenth day after birth, and two days before the molar 
erupted into the oral cavity, a transition occurred in which the 
heaviest labelling migrated to the tooth side of the periodontal 
ligament. They noted that this migration is concomitant with 
the eruption of the tooth into the oral cavity and the formation 
of cellular cementum. 
Chiba, Nakagawa and Mimura (1967) used 3H-thymidine to 
examine DNA synthesis and duration of the cell division cycle 
in the periodontal ligament and other dental tissues .of the 
maxillary incisor of five week old rats. They noted that the 
labial epithelial (cervical loop) tissues and pulp cells showed 
a greater amount of JH-thymidine label and a shorter synthetic 
time than the lingual pulp cells and both labial and lingual 
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aspects of the periodontal ligament. The duration of the S phase 
in the various tissues studied ranged from 6.5 to 8.2 hours. 
The minimum duration of G2 was determined to be 1 hour or less 
in the lingual periodontal ligament, internal enamel epithelium, 
stratum intermedium and labial pulp cellsr while between 1 and 
1.5 hours in the lingual pulp cells and labial periodontal 
ligament. 
Lavelle (1968) studied the effect of age on the prolifer-
ative activity of the periodontal ligament of rat lower incisors. 
He injected JH-thymidine to rats 10 days to 751 days old. He 
observed the labelling index to decrease up to thirty days of 
age and thereafter to remain virtually constant. He noted that 
the proliferative activity of the periodontal ligament closely 
parallels the eruption rate of rat incisor teeth. 
Kameyama (1973) investigated the developing periodontal 
ligament of the rat lower molars. He injected JH-proline into 
two to four week old animals. At two weeks, the periodontal 
ligament consisted of an outer or alveolar layer made up of 
relatively loose, irregular connective tissue and an inner or 
dentinal layer which was densely packed with collagenous fibers 
and fibroblasts. The labelling reaction was more intense in 
the dentinal layer. These cells and fibers were arranged 
parallel to the root surface in the apical end, while in the 
cervical area they extended obliquely upward. At four weeks, 
when the tooth was in functional occlusion, he noted the 
labelling to be more intense on the alveolar side of the 
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periodontal ligament. The collagenous fibers in the middle area, 
lengthwise, were now ~hicker and extended cervically in an 
oblique direction from cementum to bone. In the cervical area, 
the collagenous fibers that were previously extended obliquely 
and cervically at two weeks now passed obliquely and apically at 
four weeks of age. The change in labelling pattern from dentinal 
side to the alveolar side of the periodontal ligament was first 
observed in the cervical area and then progressed to the middle 
portion. He concluded that the changes in the pattern of proline 
incorporation reflect the functional organization of collagenous 
fibers within the periodontal ligament. 
Beersten (1973) studied the periodontal ligament of the 
mouse lower incisor after 3H-proline administration. He noted 
a migration of radioactive material to occur in the dental zone 
at a rate approximately equal to the rate of eruption. The 
radioactive material in the alveolar zone remained static. His 
findings lend support to the hypothesis that the dental zone of 
the periodontal ligament of rodent incisors moves with eruption 
while the alveolar zone remains stationary, as proposed by 
Sicher (1942), and Hindle (1967). These workers also suggest 
that fiber readjustment takes place mainly in the middle zone, 
which is also a zone of high cell population. Beertsen (1973) 
indicates that the bulk of the proline label incorporated in the 
middle zone migrates with the incisor. He suggests that, at 
least in the lingual part of the periodontal ligament, fiber 
readjustment occurs mainly between the middle and alveolar zones. 
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He points out that a band of low cell density is present between 
the middle and alveolar zones. This band might be considered as 
a zone of tissue shear. If this is so, support would be given 
to the view of Noble (1969) who observed the lingual part of 
the periodontal ligament of the incisor to be divided into two 
systemsr one related to the tooth surface and the other to the 
alveolar bone as proposed earlier by Sicher. 
Contrary to the previous investigators, Ramos and Hunt 
(1967) observed a uniform uptake and disappearance of the JH-
proline in the fiber bundles in the mesial and distal parts.of 
the periodontal ligament of guinea pig molars. Although grain 
counts were made in the basal and crestal areas only, the results 
suggest no migration of radioactive material while remodelling 
occurs across the whole width of the ligament during eruption. 
Thus, it may be possible that different mechanisms exist by 
which the periodontal ligament can readjust and succeed in 
anchoring the tooth adequately, while permitting it to move 
continuously in an oral direction. 
III. MATERIALS AND METHODS 
Forty-eight female albino rats, thirty days old, of the 
Sprague-Dawley strain were used in this study. The animals were 
housed, two to a cage and given unrestricted amounts of water. 
They were fed a standard diet of Purina Rat Chow. The animals 
were purchased from Hormone Assay, Chicago, Illinois 60652. 
The adrenalectomies were performed by this company one day prior 
to delivery. At autopsy, the adrenal beds of all animals were 
thoroughly inspected and any suspicious tissue was processed for 
histological examination. 
The animals were randomly divided into four groups as 
followsa Groups 7 a.m., 1 p.m., 7 p.m. and 1 a.m. This grouping 
was based on the injection schedule to be described later and 
was implemented to take into account any possible circadian 
rhythm effect in the study. Each of these four groups was then 
further divided into three subgroups as followsa 1) four control 
rats; 2) four saline treated adrenalectomized rats; and J) four 
cortisone treated adrenalectomized rats. 
Prior to the start of the experiment, the animals were 
acclimated to a controlled environment for a sixteen day period. 
They were maintained in an isolated room in which the activity 
was kept to a minimum. Only the investigator entered the room 
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and then only for feeding, watering and care of the cages. An 
automatic timing device was utilized to keep the room illuminated 
from 7a00 a.m. to 7a00 p.m. and completely darkened from 7a00 
p.m. to 7•00 a.m. The temperature, automatically monitored with 
a "tempscribe", ranged from 26°± 1. The adrenalectomized rats 
were maintained on a 1% NaCl solution made with deionized, 
distilled water. 
Following the sixteen day acclimation period, subgroups 1 
and 2 received, daily, 1 mg inJ;ections of physiological saline 
for ten days while subgroup 3 received, daily, 1 mg injections 
of cortisone acetate (donated by Merck & Co., Inc., West Point, 
Pennsylvania 19486) for the same ten day period. All injections 
were given subcutaneously. On the tenth day, at 7 a.m., 1 p.m., 
7 p.m. and 1 a.m., the respective animals received their last 
injection (cortisone or saline) followed six hours later with a 
single subcutaneous injection of 0.6 ~c/gm of JH-thymidine 
(specific activity of 0.36 c/mM at a concentration of 1 mc/ml) 
--(purchased from Amersham/Searle, Arlington Heights, Illinois 
60005). Three hours later the animals were sacrified using an 
overdose of Nembutal. 
Both maxillary incisors from each animal were removed with 
their periodontal ligament intact. These specimens were 
immediately fixed for seven days in a neutral buffered 10% 
formalin solution. They were decalcified in a sodium-citrate-
formic acid solution for five days, after which they were washed 
and dehydrated in increasing concentrations of ethyl alcohol. 
They were then embedded in paraffin under vacuum and sectioned 
sagittally at 5 ~. 
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The tissue sections of the left incisors were stained for 
histochemical observation with either Mallory's aniline blue, 
Alcian blue-periodic acid Schiff or Gomori's reticulum stain. 
These sections were used to ascertain any changes in the con-
nective tissue components and in new collagen fiber formation. 
The tissue sections of the right incisor were prepared 
for radioautographic study after the method of Kopriwa and 
Leblond (1962). The sections were over-stained with hemtoxylin, 
and dipped in Kodak NTB2 liquid emulsion and stored in light-
tight boxes at 4°C for twenty-two days. The sections were then 
developed with Dektol and fixed with a 24% sodium thiosulphate 
solution. 
Counts of the 3H-thymidine labelled fibroblasts in the 
lingual portion of the periodontal ligament were made using a 
ruled eyepiece micrometer disc. The grid was placed lengthwise 
parallel with the cementum and extended laterally 135 u. This 
lateral extention covered most of the width of the periodontal 
ligament but stopped short of the alveolar bone. This width was 
chosen because of the irregular shape of the bone, the large 
amount of vascularity present adjacent to the bone and because 
very few labelled cells were evident adjacent to the alveolar 
bone. The counts were started at the beginning of predentin 
formation and extended cervically 1800 ~ and apically 675 u 
(Figures 1 and 2). These two areas were tabulated separately. 
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In order to further standardize the counting procedure, slides 
showing the most open apex were selected. All counts were made 
with a binocular microscope at a magnification of 450X. Six 
sections were counted per incisor, and at no time were adjacent 
sections counted. The average number of JH-thyrnidine labelled 
cells per unit length of periodontal ligament was calculated 
for each incisor. Only fibroblasts were counted and only those 
with five or more silver grains above the nucleus. All other 
cellular elements were disregarde~ i.e. cementoblasts, osteo-
blasts and vascular endothelial cells. 
The analysis of variance (F-test) and the Studentized 
Range Test were employed to statistically analyze the data. 
Differences between the groups of data were considered to be 
significant at the 5% level of probability. 
IV. RESULTS 
A. Radioautogranhic Observations 
All experimental animals survived the entire period of 
treatment and appeared healthy at the time of sacrifice. All 
suspected adrenal tissue proved to be lymphatic in nature. We 
observed labelled cells along the length of the counting area 
in all three groups of animals. The area of greatest label was 
found between 400 ~to 1200 u from the baseline i.e., the be-
ginning of predentin formation. The label usually decreased 
cervically to this and beyond 1800 u from the baseline very 
little label was noted. Laterally, the greatest concentration 
of labelled cells occurred 80 u from the cementum. This dental 
zone accounted for the greatest number of labelled cells, 
followed by the middle zone and then the alveolar zone which 
showed practically no label at all. Very often, clusters or 
groups of labelled cells were noted (Figure 2). Otherwise, 
a scattering of labelled cells was seen. 
For each of the four time periods studied i.e., 7 a.m., 
1 p.m., 7 p.m. and 1 a.m., the average number of JH-thymidine 
labelled fibroblasts per unit length of periodontal ligament 
was found to be highest in the control animals. Moreover, the 
cortisone treated adrenalectomized rats showed a greater number 
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of labelled cells than the non-treated adrenalectomized animals 
for each of the periods studied (Table I). The one way analysis 
of variance test revealed a significant difference (P < 0. q5 or 
< 0,001) between the three groups of animals for each of the 
time periods studied with the exception of the 7 a.m. period. 
A further discrimination between the groups utilizing the 
Studentized range (k) test showed the differences between the 
averages of the control and untreated adrenalectomized animals 
to be the most significant (Tables II - V). Using this test, 
no significant differences were found to exist between the 
values of the control and cortisone treated rats or, except 
at 1 a.m., between the averages of the treated and untreated 
adrenalectomized groups. 
As shown in Table VI, the analysis of variance test re-
vealed no apparent difference between the time periods for each 
of the three groups of animals, indicating a lack of circadian 
rhythmicity in uptake of JH-thymidine in the periodontal liga-
ment fibroblasts of the rat incisor. 
The counts made apical to the onset of predentin were 
judged to be completely unreliable since a very high and 
variable amount of vascularity was consistently found in this 
region of the periodontium (Figure 3). 
B. Histologic Observations 
Mallory's aniline blue was used to stain the mature 
collagenous fibers. The periodontal ligament of the control 
animals was found to consist of three definite zones. The 
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dental fibers were short, thin bundles running perpendicularly 
straight across to the middle zone from their attachment on the 
cementum surface (Figure 4). The alveolar fibers were thicker, 
denser and wavy bundles of fibers which originated in the 
alveolar bone and extended straight across into the middle zone. 
The fibers in the middle zone were not arranged into compact 
bundles but formed a loose network extending in various direc-
tions. The cells of this region were different than those of 
the alveolar zone in that their nuclei were larger, more oval 
and less densely stained. Their long axis was parallel to the 
long axis of the tooth. The cells of the dental zone were more 
rounded in shape. 
The saline treated adrenalectomized animals showed a 
decrease in the density of the fibers of all zones and were 
lighter staining than the controls (Figure 5). The spaces 
between the fibers showed evidence of some edema especially in 
the middle zone. The direction of the fibers seemed unaltered. 
The cortisone treated adrenalectomized animals showed 
dental fibers that were, in many instances, less definite in 
direction and exhibited a wavy appearance (Figure 6). The 
middle zone appeared more homogeneous compared to the control 
or untreated adrenalectomized rats. The alveolar zone appeared 
only slightly less dense and the orientation and length of 
fibers appeared unaltered. All three zones exhibited lighter 
staining fibers than the control but darker staining than the 
untreated adrenalectomized rats; possibly due to increased 
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clumping of fibers compared to the untreated adrenalectomized 
rats. 
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The sections stained with alcian blue periodic acid-3chiff 
which stains the glycoprotein of the ground substance showed no 
differences between the control and untreated adrenalectomized 
rats (Figures 10 and 11). The cortisone treated adrenalectomized 
animals showed an ever so slight, lighter staining and more 
homogeneous appearance in the middle zone indicating very little 
effect occurred in the ground substance of the periodontal 
ligament (Figure 12). 
The sections stained with Gomori's reticulum stain, a 
silver impregnation technique that stains immature collagen 
fibers, showed the darkest fibers located in the apical area of 
the periodontal ligament. Essentially no differences were ob-
served in comparing the control and untreated adrenalectomized 
animals except that the latter showed less cellular spaces 
evident in the dental zone (Figures 7 and 8). The cortisone 
treated adrenalectomized animals showed a slight decrease in 
the density of fibers of the periodontal ligament (Figure 9). 
A decrease in the number of very fine fibers was observed and 
appeared as though they either were not formed or were coalesced 
to form larger fibers. This would indicate an inhibition in 
new collagen fiber formation. 
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V. DISCUSSION 
This investigation was undertaken in order to study the 
effect of adrenalectomy and the replacement with cortisone on 
the periodontal ligament of rats. A marked decrease was ob-
served in the uptake of JH-thymidine by the fibroblasts of the 
periodontal ligament of the adrenalectomized rats. These 
animals consistently showed the lowest mean number of JH-thy-
midine labelled cells. Adrenalectomy has been shown to decrease 
body growth and Komer (1960) states that this is primarily due 
to an impairment of protein synthesis. Normal growth was re-
stored in adrenalectomized animals by the administration of 
corticosteroid hormones, indicating a causal relationship be-
tween the adrenal cortex and the alterations in the growth 
pattern (Shklar, 1965). Our results indicate adrenalectomy to 
inhibit synthesis of deoxyribonucleic acid in the fibroblasts 
of the periodontium. 
In our study all four groups of cortisone treated adrenal-
ectomized rats showed a greater incidence of fibroblast labelling 
than did the non-treated adrenalectomized animals. (Refer to 
Table I.) However, the control animals always showed, numeri-
cally, a higher rate of labelling than did the cortisone 
treated rats. 
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Statistical analysis using a one way analysis of variance 
test showed a significant difference (P<0.05 or <0.001) between 
the three groups of animals for each of the time periods studied 
excepting the 7 a.m. period, indicating these differences to 
exist between the three groups; but the analysis did not further 
discriminate between them. The Studentized range (k) test was 
therefore utilized and it revealed the differences between the 
averages of the control and untreated adrenalectomized animals 
to be the most significant (Tables II- V). The differences 
between the averages of the control and cortisone treated rats 
or, except at 1 a.m., between the averages of the treated and 
untreated adrenalectomized groups were not significant. These 
statistical results strongly indicate that adrenalectomy markedly 
inhibits the synthesis of DNA in the fibroblast population. 
While the administration of cortisone resulted in an in-
crease in the uptake of JH-thymidine, the averages were always 
less than control values. However, these two groups of animals 
were always found to be statistically equivalent, indicating a 
definite tendency toward stimulation by the cortical steroid. 
It is possible that the replacement dosage of cortisone was too 
low to completely restore the rate of synthesis. In addition, 
other adrenal hormones may be involved in the stimulation 
mechanism, the replacement of which would be necessary to attain 
control levels. Then too it might be argued that the dosage 
used was in excess of physiological levels resulting in a less 
than optimal effect. This effect could have been cumrnulative 
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since our injections were daily over a ten day period. At the 
present time, any of ~hese explanations can only be speculative. 
However, there seems to be little doubt that the effect o~ 
cortisone on fibroblast proliferation is positive in nature. 
Our results indicate this adrenal hormone to be active in the 
process of DNA synthesis in these cells of the rat incisor 
periodontium. 
In studying the effect of adrenal hormones on oral tis-
sues, one should take into account the nature of the tissues 
being investigated. Dustin (196J) found that the tissues of 
the body vary widely in their reaction to cortisone. He stated 
that proliferating tissues have been shown to be inhibited, 
stimulated or not affected with cortisone treatment. Kiely and 
Domm (1973) noted a significant increase in the uptake of 
JH-thymidine in the tissues of the cervical loop of the incisor 
in adrenalectomized rats following a single, 1 mg, injection of 
cortisone. Adrenalectomy caused a significant inhibition in 
this uptake. It might seem reasonable to assume that the 
receptivity of the cells of the cervical loop, due to their very 
high turnover rates, are more sensitive to cortisone than are 
the fibroblasts in our study. If this were true, the cells of 
periodontal ligament might be expected to show a lesser response 
to the effects of hormones. 
In addition to tissue variability, Kiely {1967) reported 
that the dosage, frequency and duration of cortisone adminis-
tration are important factors in the response of the tissues of 
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the cervical loop to this steroid. 
When one reviews the literature, it becomes abundantly 
apparent that dosage is extremely important in regard to oral 
tissue response to cortisone. Parmer, Katonah and Angrist (1951) 
noted an inhibition of body growth and a stimulation of tooth 
eruption following a single 0.25 mg injection of cortisone to 
one day old rats. Shklar (1966) studied the effects of cortisone 
replacement on gingival healing in adrenalectomized rats 
weighing 200g. The 0.25 mg dosage caused essentially normal 
healing as compared to the delayed healing in the adrenal-
ectomized animals deprived of cortisone replacement. In this 
study a small dose of cortisone acted to restore normal function. 
Glickman, Stone and Chawla (1953) and Glickman and Shklar 
{1955) studied the effects of the daily administration of 0.5 
of cortisone to six week old mice for 43 days. On a weight 
basis, this is a much higher dosage than that utilized in our 
experiment. They noted edema, a reduction of fibroblast number 
and collagen formation in the periodontal ligament. The collagen 
fibers were wavy and separated by edema. These investigators 
noted at dosages of 1 - 2 mg/day, mice cannot be maintained for 
more than three weeks. 
Other studies clearly show a dose dependent effect of 
cortisone on the periodontal tissues. Goldsmith and Stahl (1953) 
studied the effects of daily dosages of 0.5 mg and 3.0 mg of 
cortisone to rats for one year. They noted no changes in the 
periodontal ligament of the animals treated with 0.5 mg but 
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animals treated with the J.O mg dose showed a disorganization in 
the periodontal fiber. arrangement and in their attachment to the 
alveolar bone. Labelle and Schaffer (1966) administered a large, 
daily dose of 2.5 mg cortisone locally to the periodontal liga-
ment of the rat upper molar for J5 days, They noted a dis-
organization of fiber bundles with a more homogeneous fibrillar 
appearance. The fibroblasts were reduced in size and number and 
the connective tissue was more loosely arranged, This was a 
very large dosage of cortisone, 
It seems safe to state that the higher dosages of cortisone 
exhibit an inhibitory effect. The fibroblast number is decreased 
with fiber disorganization and decreased collagen fiber pro-
duction. In our investigation we chose to test the effects of 
a more physiological 1 mg daily dose of cortisone. This can be 
extrapolated to be roughly a dosage of 5 mg/kg, These injections 
were administered to 45 day old adrenalectomized rats daily, for 
a ten day period, Nevertheless, our results, in many cases, 
showed the dental fibers of the periodontal ligament of the 
cortisone treated animals to be less definite in direction and 
more wavy than in the controls, but this was found to be more 
pronounced in some animals than in others. All three zones of 
the ligament appeared to stain slightly lighter than the controls 
but darker than the untreated adrenalectomized rats. However, 
because of the very slight differences, this interpretation 
became a very subjective matter. The middle zone of the 
cortisone treated ligaments exhibited a slightly more homogeneous! 
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appearance than either of the other two groups, and the fine 
collagenous fibers appeared to be reduced in number as observed 
with the Gomori silver stained tissue sections. This observation 
indicates that cortisone administration resulted in a slight 
reduction in collagen fiber formation. The study by Skougaard, 
Frandsen and Baker (1970) support these observations. They 
studied the effect of cortisone (Ultracortenol) on the perio-
dontal ligament in the aquirrel monkey. They administered 
; mg/kg three days and one day prior to sacrifice and used 
3H-proline as a labelling agent for collagen synthesis. They 
noted a ·33% reduction in collagen synthesis in the periodontal 
ligament of bicuspids and a ;o% reduction in the skin. 
It seems apparent from our study that cortisone, at the 
dosage given, exerts a degree of inhibition on collagen synthesis 
and at the same time a stimulation on fibroblast proliferation 
in the periodontal ligament of the adrenalectomized rat. The 
study of Yee, Jee and Ohlson {1973) would appear to be contrary 
to this. They studied the effect of cortisone on the fibroblasts 
of the periodontal ligament of rats using doses of 0.15, 1.50, 
5.00 and 15.00 mg/kg/day for five days. They observed the lower 
dose levels {0.15 a~d 1.50 mg} to decrease the number of 3H-
thyrnidine labelled fibroblasts responding to stimulation to 97% 
and 79% of control levels respectively. The higher dose levels 
{5.00 and 15.00 mg} resulted in a decrease in the number of 
labelled fibroblasts to 77% and 47% respectively, while delaying 
the peak labelling time by five hours compared to that of the 
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lower dose levels. They concluded the response of the fibro-
blasts of the periodontal ligament to be a dose dependent re-
sultant. Their results disagree with ours at first sight. On 
closer inspection, though, we can note that they used normal 
animals while ours were adrenalectomized. Also, their study 
utilized pressure stimulus on the mesial wall of the molar to 
cause the proliferation of fibroblasts. They give no indication 
as to the area of the ligament where their cell counts were 
taken. This information is important since it would seem that 
pressure could not be evenly distributed along the entire length 
of the root, thereby giving an unequal stimulant to cell pro-
liferation. Still another difference between their study and 
ours is the fact that their counts were on a percentage basis. 
There appears to be a number of variables to contend with in 
their study. 
Our study noted regional preferences in the distribution 
of labelled fibroblasts. We also noted that the labelled cells 
were frequently in groups or clusters along the length of the 
periodontal ligament. The area of greatest label was found 
between 400 u to 1200 ~from the baseline i.e., the beginning 
of predentin formation. Chiba, Nakagawa and Mimura (1967) 
studied the uptake of 3H-thymidine by the tissues of the rat 
incisor, In the periodontal ligament, they counted an area 
2500 ~ from the base. Their baseline was slightly more apically 
than ours but the principle is the same. They noted regional 
differences in both the labial and lingual periodontal tissues. 
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They observed the distance 500 ~ to 1500 ~ from the base to 
contain the highest number of labelled cells. They found 
regional differences in other tissues also; namely, the stratum 
intermedium, labial and lingual pulp and internal enamel 
epithelium. Leblond and Walker (1956) noted that the rate of 
mitosis or DNA synthesis may be affected by various factors such 
as hormones, nutrition·and temperature. Thrasher and Greulich 
(1965) postulated that factors in the microenvironment of the 
tissue may be regulating the proliferative activity of the 
progenitor cells. The mean duration of the progenitor cycle 
may be different with respect to cell position. Shorter cycle 
durations would be found in the region of maximum labelling, 
with its optimal microenvironment. 
Ness and Smale (1959) also noted regional differences in 
the distribution of mitotic cells in the rabbit lower incisor. 
They observed more than one third of the mitoses of the inter-
mediate and dental zones to be located in the basal 2 mm of the 
incisor. The shape of their histograms indicated the occurrence 
of regional differences in the rate of mitoses along the entire 
length of the periodontium. Our investigation showed that, 
while labelled cells were found along the entire length of the 
periodontal ligament, the greatest amount occurred between 400 u 
and 1200 u cervically from the beginning of predentin formation 
and within 80 u, in width, from the cementum. Ness and Smale 
{1959) also noted a similar distribution and states that 97% of 
the mitotic figures were found within the first 100 u of the 
cementum surface; the highest number occurring 20 u from the 
cementum surface. Th~y also found very few mitoses in the 
alveolar zone; an observation that concurs with our findings. 
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The information gained from this present investigation 
concerning the effect of cortisone on the fibroblasts and con-
nective tissue elements of the periodontal ligament of the rat 
incisor suggests that cortisone has a stimulatory effect on the 
proliferative capacities of the fibroblast cell population of 
this tissue. Yet, in these same animals, we have shown cortisone 
to have a slight inhibitory effect on the formation of young 
collagen fibers and a disorganizing effect on the mature fibers 
even at the relatively low dose level used in this study. At 
first glance these may seem like contradictory findings. 
However, it should be remembered that while cells are actively 
dividing they are undifferentiated, and in order to assume their 
functional role (i.e. secretion of collagen), they cannot con-
tinue to proliferate. It, therefore, seems that a significant 
amount of the fibroblast population under the influence of 
cortisone is engaged in the process of replication and is con-
sequently unable to carry out the role of collagen synthesis. 
The basic factors responsible for tooth eruption are 
still unknown. Nevertheless, on the basis of our study and 
others of like nature, cell proliferation must be considered of 
paramount importance as a causative factor in this process. 
Whether the proliferating cells of the tooth itself or those of 
the periodontium are chiefly responsible, still remains 
unresolved, however, our study has shown that cortisone stimu-
lates fibroblast proliferation in the periodontal ligament, 
thereby, strongly implicating this tissue as a prime force 
responsible for tooth eruption. It is not contended here that 
growth of fibroblasts is the prime mover of the incisor, but 
it is indicated as one of the factors involved. Utilizing 
cortisone, our study supports the view that fibroblast pro-
liferation and alterations in collagen synthesis are important 
motivating factors during the eruptive process. Therefore, 
this tissue together with cell proliferation within the tooth, 
bone growth and vascularity all have implications as possible 
causes of tooth eruption. 
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VI. SUMMARY AND CONCLUSIONS 
Forty-eight female albino rats, thirty days old, of the 
Sprague-Dawley strain were randomly divided into four groups, 
according to time of injection, as followsa 7 a.m., 1 p.m., 
7 p.m. and 1 a.m. Each of these four groups was then further 
divided into three subgroups as followsa 1) four control rats, 
2) four saline·- treated adrenalectomized rats, and 3) four 
cortisone treated adrenalectomized rats. Following a sixteen 
day acclimation period, subgroups 1 and 2 received daily 1.0 mg 
injections of physiological saline for a ten day period while 
subgroup 3 received daily 1.0 mg injections of cortisone acetate 
for the same ten day period. The last cortisone and saline 
injections were given at the times mentioned above and six 
hours later, a single injection of 0.6 ~c/gm of 3H-thymidine 
was given. Three hours later they were sacrificed. From each 
animal both maxillary incisors were removed with their perio-
dontal ligaments intact. The right incisor was used for a 
radioautographic study by making counts of 3H-thymidine labelled 
fibroblasts in the lingual portion of the periodontal ligament 
using a ruled eyepiece micrometer disc. The left incisor was 
processed for histological examiniation using special connective 
tissue stains. The results of this investigation are as followsa 
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1. Adrenalectomy resulted in a substantial reduction in 
the average. number of JH-thymidine labelled fibroblastsi 
in the periodontal ligament as compared to the con-
trols. This inhibition was noted during all four 
time periods. The differences were statistically 
significant (P < 0. 0 5) for every period except at 
7 a.m. 
2. Adrenalectomy resulted in an reduction in the fiber 
density in all zones of the ligament and they were 
lighter staining than the controls. At times, the 
spaces between the fibers showed evidence of some 
edema especially in the middle zone. 
J. Cortisone replacement to the adrenalectomized rats 
served to increase the average number of labelled 
fibroblasts as compared to the untreated adrenal-
ectomized rats. However, the values of the cortisone 
treated rats never reached those of the control 
animals. Statistically, no difference was shown in 
the average number of labelled fibroblasts between 
the cortisone treated and control rats. 
4. Histologically, the most prominent effect of cortisone 
administration was the reduction in young collagen 
fiber formation in the periodontal ligament. Lesser 
effects appeared to be a more wavy appearance of the 
dental fibers and a more homogeneous appearance of 
the middle zone than that of the other two groups. 
L 
5. Regional differences in the number of labelled 
fibroblasts-were observed along the length of the 
periodontal ligament. The area with the greate~t 
number of labelled cells was found between 400 ~ 
and 1200 u from the baseline i.e., the beginning 
of predentin formation, and laterally within the 
first 80 u from the cementum. In addition, cell 
clustering was frequently observed. 
6. The stimulation in the proliferative activity of the 
fibroblasts of the periodontal ligament, resulting 
from cortisone therapy, would seem to indicate that 
growth of these cells should be strongly considered 
as a factor in the process of rat incisor eruption. 
The results of this investigation appear to support the 
observations of previous studies that the effects resulting 
from cortisone injection are dependent on the target tissue, 
age, dosage and duration of treatment. 
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TABLE I 
. AVERAGE NUMBER OF 3H-THYMIDINE LABELLED FIBROBLASTS 
PER UNIT LENGTH OF PERIODONTAL LIGAMENT IN THE 
MAXILLARY INCISOR OF EXPERIMENTAL AND CONTROL RATS 
Adrenalectomized + Cortisone Adrenalectomized Control 
3H-Thy. No. No. No. 
Inj. Obs. Mean s.E,* Obs, Mean ~ Obs, Mean S.E. 
7 A.M. 4 43.88 6,88 4 34.93 2.89 4 47.95 6. 51 
1 P.M, 3 36.33 1.51 4 25.98 2.74 3 41.47 3.90 
7 P.M. 4 39.53 3.81 4 24.10 2.79 4 47.75 5.34 
1 A.M. 4 42.00 2,90 3 23.23 2.27 4 51.85 1.28 
Combined 15 40.44 2.35 15 27.06 1.8) 15 47.26 2.57 
*S .E. = Standard Error 
Source of Variation 
Between Groups 
Within Groups 
(error) 
Totals 
Treatment Groups 
TABLE II 
ONE WAY ANALYSIS OF 
VARIANCE (F) TEST FOR 
DATA SHOWN IN TABLE I 
7 A.M, PERIOD 
Sum of Degrees of Mean 
Squares Freedom Square 
3.5.5.1.5 2 177 • .58 
1.563.44 9 173.72 
1918 • .59 11 
DISCRIMINATION ANALYSIS 
Means §_,b. 
Adrenalectomized + Cortisone 43.88 6.88 
Adrenalectomized 34.93 2.89 
Controls 47.9.5 6 • .51 
* P = Probability 
48 
Variance 
Ratio (F) P* 
1.02 > 0,10 
Studentized** 
Range Test 
k value = 
26.03 at 
P = 0.05 level 
** Statistical significance exists at level indicated if differ-
ences between the means are equal to or greater than the k 
value. 
r 
Source of Variation 
Between Groups 
Within Groups 
(error) 
Totals 
Treatment Groups 
TABLE III 
ONE WAY ANALYSIS OF 
VARIANCE (F) TEST FOR 
DATA SHOWN IN TABLE I 
1 P.M. PERIOD 
Sum of Degrees of Mean 
Squares Freedom Square 
440.46 2 220.2) 
278.66 7 )9.81 
719.12 9 
DISCRIMINATION ANALYSIS 
Means ~ 
Adrenalectomized + Cortisone )6.)) 1.51 
Adrenalectomized 25.98 2.74 
Controls 41.47 ).90 
* P = Probability 
Variance 
Ratio (F) P* 
5.5) <0.05 
Studentized** 
Range Test 
k value = 
15.06 at 
P = 0.05 level 
** Statistical significance exists at level indicated if differ-
ences between the means are equal to or greater than the k 
value, 
r 
Source of Variation 
Between Groups 
Within Groups 
(error) 
Totals 
Treatment Groups 
TABLE IV 
ONE WAY ANALYSIS OF 
VARIANCE (F) TEST FOR 
DATA SHOWN IN TABLE I 
7 P.M. PERIOD 
Sum of Degrees of Mean 
Sguares Freedom Sguare 
1153.20 2 576.60 
813.38 9 90.38 
1966.58 11 
DISCRIMINATION ANALYSIS 
Means §-tb. 
Adrenalectomized + Cortisone 39.53 3.81 
Adrenalectomized 24.10 2.79 
Controls 47.75 5.34 
* P =Probability 
50 
Variance' 
Ratio {F2 P* 
6.38 .( 0.05 
Studentized** 
Range Test 
k value = 
18.76 at 
P = 0.05 level 
** Statistical significance exists at level indicated if differ-
ences between the means are equal to or greater than the k 
value. 
L 
Source of Variation 
Between Groups 
Within Groups 
(error) 
Totals 
Treatment Groups 
TABLE V 
ONE WAY ANALYSIS OF 
VARIANCE (F) TEST FOR 
DATA SHOWN IN TABLE I 
1 A.M. PERIOD 
Sum of Degrees of Mean 
Sguares Freedom Sguare 
1418.69 2 709.35 
202.52 8 25.32 
1621.21 10 
DISCRIMINATION ANALYSIS 
Means 2..&&. 
Adrenalectomized + Cortisone 42.0 2.90 
Adrenalectomized 23.23 2.27 
Controls 51.85 1.28 
* P =Probability 
51 
Variance 
Ratio (F~ P* 
28 <0.001 
Studentized** 
Range Test 
k value = 
9.91 at 
P = 0.05 level 
** Statistical significance exists at level indicated if differ-
ences between the means are equal to or greater than the k 
value. 
r 
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TABLE VI 
ONE WAY ANALYSIS OF VARIANCE (F) TEST FOR DATA SHOWN IN TABLE I 
DETERl1iliNATION OF POSSIBLE CIRCADIAN RHYTHM EFFECT 
CORTISONE + ADRENALECTOMIZED 
Sum of Degrees of Mean Variance 
Source of Variation Squares Freedom Square Ratio (F) p 
Between (Time) 109.81 3 36.60 0.35 >0.10 
Periods 
Within Periods 1134.48 11 103.13 
Totals 1244.29 14 
ADRENALECTOMIZED 
Sum of Degrees of Mean Variance 
Source of Variation Squares Freedom Square Ratio (F) p 
Between (Time) 330.14 3 110.05 2.85 ')'0.10 
Periods 
Within Periods 424.02 11 38.55 
Totals 754.16 14 
CONTROLS 
Sum of Degrees of Mean Variance 
Source of Variation Squares Freedom Square Ratio (F) p 
Between (Time) 185.66 3 61.89 0.52 :::>0.10 
Periods 
Within Periods 1299.32 11 118.12 
Totals 1484.98 14 
r 
I 53 TABLE VII I 
RAW DATA 
NUMBER OF 3H-THYMIDINE LABELLED FIBROBLASTS PER UNIT 
LENGTH (1800 u) OF RAT INCISOR PERIODONTAL LIGAMENT 
ADRENALECTOMIZED PLUS CORTISONE 
Animal Sections Total Total 
Number 1 2 l 4 .2 6 Cervical Apical 
1 37 41 42 40 34 46 240 6 
2 No Label on Cells 
3 28 31 48 38 33 32 210 22 
4 40 28 33 35 31 3? 204 13 
5 32 44 44 36 40 48 244 19 
6 49 53 5? 50 4? 53 309 9 
7 39 30 31 28 32 44 204 9 
8 35 30 30 23 30 44 192 6 
9 45 59 50 51 45 56 . 306 14 
10 32 40 3? 42 34 32 21? 21 
11 53 37 44 41 3? 44 256 15 
12 51 43 35 38 35 28 230 23 
13 38 26 25 27 30 23 169 17 
14 56 56 61 62 46 44 )25 30 
15 68 60 48 50 ?0 6? 363 36 
16 42 38 35 22 38 32 197 18 
Animal Numbers a 
1 - 4 = 1 P.M. 
5 - 8 = 7 P.M •. 
9 - 12 = 1 A.M. 
13 - 16 = 7 A.M. Time _indicates 1H-Thvmidine injection 
L 
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TABLE VIII 
RAW DATA I 
NUMBER OF 3H-THYMIDINE LABELLED FIBROBLASTS PER UNIT 
LENGTH (1800 u) OF RAT INCISOR PERIODONTAL LIGAMENT 
ADRENALECTOMIZED 
Animal Sections Total Total 
Number 1 £ .l 4 .2 6 Cervical Apical 
1? 23 25 26 25 35 31 165 15 
18 23 26 21 30 21 18 139 25 
19 22 20 1? 21 19 1? 116 23 
20 30 30 33 37 35 39 204 26 
21 31 31 29 33 31 29 184 55 
22 36 )4 31 21 23 26 1?1 .31 
23 18 22 17 16 16 15 104 29 
24 1? 20 18 30 18 1? 120 20 
25 21 24 16 25 13 22 121 18 
26 20 22 18 16 19 30 125 17 
27 23 36 34 32 27 21 1?.3 14 
28 Sections torn 
29 38 32 J4 38 36 30 208 29 
30 3? 42 45 39 4? so 260 29 
31 )2 31 29 27 46 44 209 .31 
.32 20 J4 25 )2 23 28 162 15 
Animal Numberss 
1? - 20 = 1 P.M. 
21 - 24 = 7 P.M. 
25 - 28 = 1 A.M. 
29 - )2 = ? A.M. 
Time indicates 3H-Thymidine in ection 
r 
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TABLE IX 
RAW DATA 
NUMBER OF JH-THYMIDINE LABELLED FIBROBLASTS PER UNIT 
LENGTH (1800 ~) OF RAT INCISOR PERIODONTAL LIG~f~NT 
CONTROLS 
Animal Sections Total Total 
Number 1 2 l 4 ..2 6 Cervical Apical 
.33 Sections torn 
34 40 27 39 34 .31 30 201 21 
35 33 52 62 50 49 54 301 41 
36 52 40 .31 45 39 .38 245 27 
37 28 40 41 50 50 28 237 19 
.38 49 45 45 .38 46 56 274 16 
39 47 41 .32 55 2.3 43 241 27 
40 58 73 75 4.3 71 75 395 51 
41 61 54 50 56 44 43 308 30 
42 45 58 52 57 54 54 320 17 
43 47 47 48 47 52 47 288 17 
44 57 58 59 58 54 63 329 15 
45 79 70 66 76 62 67 420 14 
46 44 45 44 49 .38 23 243 7 
47 48 41 41 49 43 45 267 18 
48 36 39 .31 J4 45 36 221 14 
Animal Numbersa 
3.3 - 36 = 1 P.M • 
.37 - 40 = 7 P.M. 
I 41 - 44 = 1 A.M. 
j 
45 - 48 = 7 A.M. 
Time indicates JH-Thymidine injection 
l 
Plate 1 
Figure · l. Low power view showing the area of the rat 
~axillary incisor periodontal ligament in 
which cell counts were taken (X40). 
A - Alveolar Bone 
PL - Periodontal Ligament 
D - · Dentin 
p - Pulp 
Figure 2. High power view showing "clustering" of 
JH-thymidine labelled fibroblasts in the 
periodontium. Note the black silver grains 
above the nuclei (X450). 
D - Dentin 
Figure 1 
·Figure 2 
. 
Plate 2 
Figure ). High power view showing the abundant vascularity 
and tissue spaces in the periodontium apical to 
. 
~the 'area of initial predentin formation (X450). 
·-·E - Enamel Epithelium 
A - Alveolar Bone 
Figure 4. High power view showing the collagen fibers in 
the three zones of the periodontal ligament of 
a control animal (IVIallory•s . aniline blue stain. 
X450). 
A - Alveolar Zone 
M - Middle Zone 
D - Dental Zone 
57 
' Figure 3 
Figure 4 
Plate J 
Figure 5. High power view of the periodontal ligament of 
a untreated adrenalectomized animal. Note slight 
,edema and a decrease in collagen fiber density 
as ·compared to Figure 4, Direction of fibers 
.. 
1s unaltered '(Mallory• s aniline blue stain. 
X450). 
A - Alveolar Zone 
M - Middle Zone 
D - Dental Zone 
Figure 6. High power view of the periodontal ligament of 
a cortisone treated adrenalectomized animal, 
Note the clumped and homogeneous appearance of 
the fibers of the middle zone and an alteration 
in fiber direction of the dental zone as compared 
to Figures 4 and 5 (Mallory's aniline blue 
stain. X450). 
A - Alveolar Zone 
M - Middle Zone 
D Dental Zone 
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Figure 5 
·Figure 6 
Plate 4 
Figure 7. .High power view showing the immature collagen 
fibers of the periodontal ligament of a control 
animal ·(Gomori's reticulum stain. X450) • . 
A - Alveolar Zone 
' 
M - Middle Zone 
D - · Dental Zone 
·Figure 8. High power view showing the immature collagen 
fibers of the periodontal ligament of an un-
treated adrenalectomized animal (Gomori's 
reticulum stain. X450). 
A - Alveolar Zone 
M .... Middle Zone 
D - Dental Zone 
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·Figure 7 
Figure 8 
Plate 5 
Figure 9. Hi~h power view showing the immature collagen 
fi~ers of the periodontal ligament of a cortisone . 
~reated adrenalectomized animal. Note the dis-
organization and decreased density of the 
·fibers., as compared to Figure 7 (Gomori' s 
reticulum stain. X450), 
A - Alveolar Zone 
M - Middle Zone 
D - Dental Zone 
Figure 10. High power view of the periodontal ligament of 
a control animal showing the appearance of the 
ground substance (Alcian blue periodic acid-
Schiff, X450), 
A - Alveolar Zone 
M - Middle Zorie 
D - Dental Zone 
0 
·Figure 9 
·Figure 10 
Plate 6 
Figure 11. High power view of the periodontal ligament of 
a untreated adrenalectomized animal. No 
appreciable difference can be noted in the 
ground substance as compared to the control 
' 
animal shown in Figure 10 (Alcian blue 
periodic acid-Schiff. X450). 
A - Alveolar Zone 
M - Middle Zone 
D Dental Zone 
'Figure 12. High power view of the periodontal ligament of 
a cortisone treated adrenalectomized rat. No 
appreciable difference can be noted compared to 
Figures 10 and 11 (Alcian blue periodic acid-
Schiff, X450), 
A - Alveolar Zone 
M - Middle Zone 
D - Dental Zone 
61 
'Figure 11 
Figure 12 
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